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(54) Tightening tool

(57) It is an object of the present invention to provide
a technique for appropriately providing not only for nor-
mal rotation but for reverse rotation in a tightening tool
(101) having a clutch.

Representative tightening tool (101) according to the
invention comprises a body (103), a driving motor (111)
housed in the body (103), a driving-side clutch element
(133), an auxiliary clutch element (137), a driven-side
clutch element (135), a driven shaft (117) and a tool bit
(119). During normal rotation of the driving motor (111),

the driven-side clutch element (135) is caused to move
in the axial direction by application of a pressing force of
the user to the body (103) to engage with the driving-side
clutch element (133). During reverse rotation of the driv-
ing motor (111), the driving-side clutch element (133) and
the auxiliary clutch element (137) are caused to move
relatively with respect to each other in the axial direction
by rotating torque of the driving-side clutch element (133)
and the driving-side clutch element (133) or the auxiliary
clutch element (137) engages with the driven-side clutch
element (135).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] [0001] The present invention relates to a tight-
ening tool such as an electric screwdriver used for screw-
tightening operation and more patticuiarty, to a tightening
tool having a clutch which appropriately provides not only
for normal rotation but for reverse rotation.

Description of the Related Art

[0002] [0002] An example of a known electric screw-
driver is disclosed in Japanese patent publication No.
3-5952, in which a clutch is used to connect a tool bit and
a driving motor for transmitting the rotating torque. Ac-
cording to this technique, when the tightening tool or
screw is tightened to a predetermined depth with respect
to the workpiece, the clutch is promptly disengaged to
stop transmission of the rotating torque according to the
tightening depth.
[0003] [0003] According to the known screwdriver, the
clutch is engaged when the user applies a pressing force
on the body of the screwdriver, so that the torque of the
driving motor is transmitted to the tool bit. Further, the
clutch is disengaged in relation to the tightening depth of
the screw. Therefore, when a pressing force of the user
is not applied on the body, it may be difficult to keep the
clutch in the engaged state in the screwdriver. As a result,
screw-loosing operation by rotating the driving motor in
a reverse direction may be basically impossible. In this
respect, further improvement is required.

SUMMARY OF THE INVENTION

[0004] [0004] Accordingly, it is an object of the present
invention to provide a technique for appropriately provid-
ing not only for normal rotation but for reverse rotation in
a tightening tool having a clutch that can transmit torque
of the driving motor to the tool bit and stop the torque
transmission.
[0005] [0005] Above-mentioned object is achieved by
providing a representative tightening tool according to
the invention. The tightening tool comprises a body, a
driving motor housed in the body, a driving-side clutch
element, an auxiliary clutch element, a driven-side clutch
element, a driven shaft and a tool bit.
The driving-side clutch element receives torque of the
driving motor both in normal rotation and in reverse ro-
tation. The auxiliary clutch element is rotated by the driv-
ing-side clutch element and can move in the axial direc-
tion with respect to the driving-side clutch element. The
driven-side clutch element releasably engages with ei-
ther one or both of the driving-side clutch element and
the auxiliary clutch element. The driven-side clutch ele-
ment receives the torque of the driving-side clutch ele-

ment and rotates. The driven shaft is driven by rotation
of the driving-side clutch element. The tool bit is connect-
ed to the driven shaft to perform a tightening operation
and a loosening operation via rotating torque of the driven
shaft.
[0006] [0006] The driven shaft moves in the axial di-
rection with respect to the body together with the driving-
side clutch element. During normal rotation of the driving
motor, the driven-side clutch element is caused to move
in the axial direction by application of a pressing force of
the user to the body to engage with the driving-side clutch
element. Thus, the torque of the driving motor in the nor-
mal direction is transmitted to the tool bit to perform a
tightening operation.
[0007] [0007] Further, during reverse rotation of the
driving motor, the driving-side clutch element and the
auxiliary clutch element are caused to move relatively
with respect to each other in the axial direction by rotating
torque of the driving-side clutch element and the driving-
side clutch element or the auxiliary clutch element en-
gages with the driven-side clutch element. Thus, the
torque of the driving motor in the reverse direction is
transmitted to the tool bit to perform a loosening opera-
tion.
[0008] [0008] According to the invention, power trans-
mission via clutch mechanism not only for normal rotation
but for reverse rotation in a tightening tool can be provid-
ed.
Other objects, features and advantages of the present
invention will be readily understood after reading the fol-
lowing detailed description together with the accompa-
nying drawings and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] [0009]

FIG. 1 is a side view, partly in section, schematically
showing an entire screw driver according to a first
embodiment of the invention.
FIG. 2 is a sectional view showing a driving mecha-
nism of a driver bit.
FIG. 3 is a sectional view showing the operation of
a clutch mechanism during normal rotation under un-
loaded conditions.
FIG. 4 is a sectional view showing the operation of
the clutch mechanism during normal rotation at the
time of clutch engagement.
FIG. 5 is a sectional view showing the operation of
the clutch mechanism during normal rotation during
silent clutch operation.
FIG. 6 is a sectional view showing the operation of
the clutch mechanism during normal rotation at the
time of clutch disengagement.
FIG. 7 shows the connection between a driving-side
clutch member and a clutch cam in the normal rota-
tion by steel balls of the clutch mechanism and the
operation of the respective clutch teeth under un-
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loaded conditions.
FIG. 8 shows the connection between the driving-
side clutch member and the clutch cam in the normal
rotation by steel balls of the clutch mechanism and
the operation of the respective clutch teeth at the
time of clutch engagement.
FIG. 9 shows the connection between the driving-
side clutch member and the clutch cam in the normal
rotation by steel balls of the clutch mechanism and
the operation of the respective clutch teeth, during
silent clutch operation.
FIG. 10 shows the connection between the driving-
side clutch member and the clutch cam in the normal
rotation by steel balls of the clutch mechanism and
the operation of the respective clutch teeth at the
time of clutch disengagement.
FIG. 11 shows the operation of an engagement
speedup mechanism of the clutch mechanism under
unloaded conditions.
FIG. 12 shows the operation of the engagement
speedup mechanism of the clutch mechanism at the
time of starting speedup.
FIG. 13 shows the operation of the engagement
speedup mechanism of the clutch mechanism at the
time of clutch disengagement.
FIG. 14 is a developed view showing the connection
between the driving-side clutch member and the
clutch cam of the clutch mechanism in the reverse
rotation during stop of the motor.
FIG. 15 is a developed view showing the connection
between the driving-side clutch member and the
clutch cam of the clutch mechanism in the reverse
rotation, immediately after start of the motor.
FIG. 16 is a developed view showing the connection
between the driving-side clutch member and the
clutch cam of the clutch mechanism in the reverse
rotation, in the engaged state of the clutch mecha-
nism.
FIG. 17 is a side view, partly in section, schematically
showing an entire screw driver having the clutch
mechanism equipped with an engagement position
changing mechanism according to a second embod-
iment of the invention.
FIG. 18 shows the clutch mechanism immediately
after completion of screw-tightening operation.
FIG. 19 shows the clutch mechanism at the time of
change to the screw-loosening mode.
FIG. 20 shows the clutch mechanism during screw-
loosening operation.
FIG. 21 is a view taken from the direction shown by
arrow A in FIG. 19.
FIG. 22 shows components of the engagement po-
sition changing mechanism.
FIG. 23 is a sectional view taken along line B-B in
FIG. 17, in the state in which the engagement posi-
tion changing mechanism is placed in the tightening
operation mode.
FIG. 24 is a sectional view taken along line B-B in

FIG. 17, in the state in which the engagement posi-
tion changing mechanism is placed in the loosening
operation mode.
FIG. 25 shows a modification of the engagement po-
sition changing mechanism.
FIG. 26 shows the state in which the engagement
position changing mechanism is placed in the tight-
ening operation mode.
FIG. 27 shows the state in which the engagement
position changing mechanism is placed in the loos-
ening operation mode.

DETAILED DESCRIPTION OF THE INVENTION

[0010] [0010] Each of the additional features and meth-
od steps disclosed above and below may be utilized sep-
arately or in conjunction with other features and method
steps to provide and manufacture improved tightening
tools and method for using such tightening tools and de-
vices utilized therein. Representative examples of the
present invention, which examples utilized many of these
additional features and method steps in conjunction, will
now be described in detail with reference to the drawings.
This detailed description is merely intended to teach a
person skilled in the art further details for practicing pre-
ferred aspects of the present teachings and is not intend-
ed to limit the scope of the invention. Only the claims
define the scope of the claimed invention. Therefore,
combinations of features and steps disclosed within the
following detailed description may not be necessary to
practice the invention in the broadest sense, and are in-
stead taught merely to particularly describe some repre-
sentative examples of the invention, which detailed de-
scription will now be given with reference to the accom-
panying drawings.

(First Embodiment)

[0011] [0011] A first embodiment of the present inven-
tion will now be described with reference to FIGS. I to
16. FIG. 1 shows an entire view of an electric suewdriver
101 as a representative example of the power tool ac-
cording to the present invention. The screwdriver 101 of
this embodiment includes a body 103, a driver bit 119
and a handgrip 109. The driver bit 119 is detachably cou-
pled to the tip end region of the body 103 via a spindle
117. The handgrip 109 is connected to the body 103 on
the side opposite to the driver bit 119. The spindle 117
is a feature that corresponds to the "driven shaft" accord-
ing to the present invention. The driver bit 119 is a feature
that corresponds to the "tool bit" according to the present
invention. In the present embodiment, for the sake of
convenience of explanation, the side of the driver bit 119
is taken as the front side and the side of the handgrip
109 as the rear side.
[0012] [0012] The body 103 includes a motor housing
105 and a clutch housing 107. The motor housing 103
houses a driving motor 111. The clutch housing 107
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houses a clutch mechanism 131 that transmits the rotat-
ing output of the motor 111 to the spindle 117 or stops
the transmission of the rotating output. The direction of
rotation of the driving motor 111 can be selected between
normal and reverse directions by operating a rotation se-
lection switch (rotation selecting member) which is not
shown.
[0013] [0013] In this embodiment, an operation of tight-
ening a screw S on a workpiece W (see FIG. 3) is per-
formed by normal rotation of the motor 111, while an op-
eration of loosening the screw S is performed by reverse
rotation of the motor 111. In the following description,
rotation of the clutch mechanism 131 as driven by the
torque of the motor 111 in the normal direction is referred
to as normal rotation or rotation in the normal direction,
while rotation of the clutch mechanism 131 as driven by
the torque of the motor 111 in the reverse direction is
referred to as reverse rotation or rotation in the reverse
direction.
[0014] [0014] FIG. 2 shows a detailed construction of
the clutch mechanism 131. The clutch mechanism 131
includes a driving-side clutch member 133 that is driven
by the motor 111, a clutch cam 137 that is disposed on
the side of the driving-side clutch member 133 and a
spindle-side clutch member 135 that is mounted on the
spindle 117, all of which are disposed coaxially. The driv-
ing-side clutch member 133, the spindle-side clutch
member 135 and the clutch cam 137 are features that
correspond to the "driving-side clutch element", "driven-
side clutch element" and "auxiliary clutch element", re-
spectively, according to the present invention.
[0015] [0015] In using the screwdriver 101 to tighten
the screw S by driving the motor 111 in the normal direc-
tion, when the driver bit 119 supported by the spindle 117
is pressed against the workpiece W via the screw S,
clutch teeth 135a of the spindle-side clutch member 135
engage with clutch teeth 137a of the clutch cam 137 and
clutch teeth 133a of the driving-side clutch member 133.
Further, when such pressing of the driver bit 119 is
stopped, the above-mentioned engagement is released
by the biasing force of an elastic member in the form of
a compression coil spring 149. In the following descrip-
tion, the state in which the driver bit 119 is pressed against
the workpiece W via the screw S and a force is acting
upon the spindle 117 in the direction that pushes (re-
tracts) the spindle 117 into the body 103 will be referred
to as "loaded conditions", while the state in which such
force is not acting upon the spindle 117 will be referred
to as "unloaded conditions". Further, the clutch teeth
133a of the driving-side clutch member 133, the clutch
teeth 135a of the spindle-side clutch member 135 and
the clutch teeth 137a of the clutch cam 137 will be referred
to as driving-side clutch teeth 133a, driven-side clutch
teeth 135a and auxiliary clutch teeth 137a, respectively.
[0016] [0016] Construction, of each component of the
clutch mechanism 131 will now be explained in detail.
The spindle 117 is rotatably and axially moveably sup-
ported by the clutch housing 107 via a bearing 141. The

forward movement of the spindle 117 is restricted by con-
tact between a flange 117a of the spindle 117 and an
axial end surface of the bearing 141. The spindle-side
clutch member 135 is fitted on an axially rear end portion
of the spindle 117. The spindle-side clutch member 135
can rotate together with the spindle 117 and move in the
axial direction at higher speed than the spindle 117, via
an engagement speedup mechanism 161 which will be
described below.
[0017] [0017] The driving-side clutch member 133 is
press-fitted onto a support shaft 143 and has a driving
gear 134 on the outer periphery. The driving gear 134
engages with a pinion gear 115 on the output shaft 113
of the motor 111. One end of the support shaft 143 is
inserted into the bore of a cylindrical portion 163 formed
in the rear end portion of the spindle 117 and is supported
by the cylindrical portion 163 via a bearing 145 such that
the support shaft 143 can move in the axial direction with
respect to the spindle 117. Further, the other end of the
support shaft 143 is supported by a fan housing 106 via
a support ring 186 such that the support shaft 143 can
move in the axial direction. The fan housing 106 is dis-
posed and joined between the motor housing 105 and
the clutch housing 107. A thrust bearing 147 is disposed
on the rear side (the left side as viewed in FIG. 2) of the
driving-side clutch member 133. The thrust bearing 147
receives a thrust load that is applied to the driving-side
clutch member 133 via the compression coil spring 149
during operation of tightening the screw S. The axial
movement of the thrust bearing 147 is restricted by a
steel ball 151 which will be described below.
[0018] [0018] A circular recess 133b is centrally formed
in the front side of the driving-side clutch member 133
and has a larger diameter than the support shaft 143.
The ring-shaped clutch cam 137 is fitted in the circular
recess 133b. The driving-side clutch member 133 and
the clutch cam 137 are disposed like coaxially arranged
outer and inner rings. The rear surface of the clutch cam
137 contacts the bottom of the circular recess 133b. Fur-
ther, the front surface of the clutch cam 137 is flush with
or protrudes forward from the front surface of the driving-
side clutch member 133. The driving-side clutch member
133 and the clutch cam 137 are opposed to the spindle-
side clutch member 135. The compression coil spring
149 is disposed between the opposed surfaces or be-
tween the front-side inner peripheral region of the clutch
cam 137 and the rear-side inner peripheral region of the
spindle-side clutch member 135. The compression coil
spring 149 urges the driving-side clutch member 133 and
clutch cam 137 and the spindle-side clutch member 135
away from each other. A rear surface 133c of the driving-
side clutch member 133 is pushed against the thrust
bearing 147 by the compression coil spring 149.
[0019] [0019] As shown in FIGS. 7 to 10, a plurality of
(three in this embodiment) driving-side clutch teeth 133a
are formed on the front surface of the driving-side clutch
member 133 at equal intervals (of 120°) with respect to
each other in the circumferential direction. Similarly,
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three auxiliary clutch teeth 137a are formed on the front
surface of the clutch cam 137 at equal intervals of 120°
with respect to each other in the circumferential direction.
Further, three driven-side clutch teeth 135a are formed
on the rear surface of the spindle-side clutch member
135 at equal intervals (of 120°) with respect to each other
in the circumferential direction. The driven-side clutch
teeth 135a has a radial length long enough to engage
with the driving-side clutch teeth 133a and the auxiliary
clutch teeth 137a. The dutch teeth 133a, 135a and 137a
are shown in FIGS. 7(A), 8(A), 9(A) and 10(A) in devel-
oped view and in FIGS. 7(C). 8(C), 9(C) and 10(C) in
plan view. Normally or under unloaded conditions in
which the driver bit 119 is not pressed against the screw
S, the driving-side clutch member 133 and clutch cam
137 and the spindle-side clutch member 135 are held in
the disengaged position (as shown in FIG. 2) in which
they are disengaged (separated) from each other by the
biasing force of the compression coil spring 149. The
driving-side clutch teeth 133a, the driven-side clutch
teeth 135a and the auxiliary clutch teeth 137a form the
"driving-side clutch part", "driven-side clutch part" and
"auxiliary clutch part", respectively.
[0020] [0020] Under loaded conditions in which the
driver bit 119 is pressed against the workpiece W via the
screw S, the spindle 117 retracts together with the driver
bit 119 with respect to the body 103 of the screwdriver
101. The spindle-side clutch member 135 is then caused
to move toward the driving-side clutch member 133.
Thus, the driven-side clutch teeth 135a engage with the
driving-side clutch teeth 133a and the auxiliary clutch
teeth 137a. At this time, a phase difference of an angle
K (see FIG. 7(C)) is provided in the rotational direction
between the driving-side clutch teeth 133a and the aux-
iliary clutch teeth 137a. Specifically, the auxiliary clutch
teeth 137a are located forward of the driving-side clutch
teeth 133a in the direction of normal rotation when the
driving-side clutch member 133 is caused to rotate by
the torque of the driving motor 111 in the normal direction.
Thus, the driven-side clutch teeth 135a of the spindle-
side clutch member 135 engage with the auxiliary clutch
teeth 137a before the driving-side clutch teeth 133a. Fur-
ther, the mating surfaces of the clutch teeth 133a and
the auxiliary clutch teeth 137a with the driven-side clutch
teeth 135a are shaped such that they engage in surface
contact. Specifically, the driving-side clutch teeth 133a,
the driven-side clutch teeth 135a and the auxiliary clutch
teeth 137a have flat end surfaces in the circumferential
direction which are parallel to each other in the axial di-
rection. In other words, each of the clutch teeth has flat
mating surfaces that extend in directions crossing the
circumferential direction. Further, the auxiliary clutch
teeth 137a are flush with or protrude forward from the
front surface of the driving-side clutch teeth 133a.
[0021] [0021] As shown in FIGS. 7 to 10, when the
driving-side clutch member 133 is caused to rotate in the
normal direction, the driving-side clutch member 133 and
the clutch cam 137 are connected to each other such

that they are allowed to move with respect to each other
within a predetermined range in the circumferential di-
rection via a plurality of (three in this embodiment) steel
balls 151. The connection by the steel balls 151 is shown
in FIGS. 7(A), 8(A), 9(A) and 10(A) in developed view
and in FIGS. 7(B), 8(B), 9(B) and 10(B) in plan view. The
steel balls 151 are fitted in lead grooves 153. The lead
grooves 153 are formed in the driving-side clutch mem-
ber 133 at equal intervals (of 120°) with respect to each
other in the circumferential direction and have a prede-
termined length in the circumferential direction. The lead
grooves 153 are open on the rear side of the driving-side
clutch member 133. The inside of a groove bottom 153a
of each of the lead grooves 153 is continuous with the
above-mentioned circular recess 133b. Therefore, parts
of the steel balls 151 in the lead grooves 153 face the
rear surface of the clutch cam 137 and engage with con-
cave cam faces 155 that are formed in the clutch cam
137 at intervals of 120° with respect to each other in the
circumferential direction. Thus, when the driving-side
clutch member 133 is caused to rotate in the normal di-
rection by the driving motor 111, the driving-side clutch
member 133 and the clutch cam 137 are allowed to move
with respect to each other in the circumferential direction
via the steel balls 151 within a predetermined range that
is defined by the circumferential length of the lead
grooves 153.
[0022] [0022] The surface of the groove bottom 153a
of each of the lead grooves 153 is inclined downward in
the direction of normal rotation of the driving-side clutch
member 133. Under unloaded conditions (when the mo-
tor is stopped), each of the steel balls 151 is located in
the deepest region of the groove bottom 153a of the as-
sociated lead groove 153 and is flush with the rear sur-
face (the contact surface with the thrust bearing 147) of
the driving-side clutch member 133. In this state, as men-
tioned above, the phase difference of the angle α is pro-
vided in the direction of normal rotation between the driv-
ing-side clutch teeth 133a of the driving-side clutch mem-
ber 133 and the auxiliary clutch teeth 137a of the clutch
cam 137. This state is maintained under unloaded con-
ditions in which the driver bit 119 is not pressed against
the workpiece W.
[0023] [0023] When the clutch cam 137 is caused to
move in a direction (that delays its rotation) opposite to
the normal rotation, each of the cam faces 155 of the
clutch cam 137 pushes the associated steel ball 151 to-
ward a shallower part of the groove bottom 153a of the
associated lead groove 153. Thus, parts of the steel balls
151 protrude from the rear surface 133c of the driving-
side clutch member 133 toward the thrust bearing 147.
As a result, the driving-side clutch member 133 moves
forward (toward the spindle-side clutch member 135)
against the biasing force of tha compression coil spring
149. Further, when the auxiliary clutch teeth 137a of the
clutch cam 137 engage with the driven-side clutch teeth
135a of the spindle-side clutch member 135, the clutch
cam 137 receives a load in the circumferential direction
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from the spindle-side clutch member 135, which causes
the clutch cam 137 to move in a direction that delays its
rotation with respect to the driving-side clutch member
133. Thus, the steel balls 151 form axial displacement
means for displacing the driving-side clutch member 133
in the axial direction in cooperation with the compression
coil spring 149. When the clutch cam 137 is caused to
move in a direction that delays its rotation with respect
to the driving-side clutch member 133, each of the steel
balls 151 is caused to move toward a shallower part of
the groove bottom 153a within the associated lead
groove 153. At this time, the phase difference of an angle
α between the driving-side clutch teeth 133a and the aux-
iliary clutch teeth 137a becomes zero, and the driving-
side clutch teeth 133a engage with the driven-side clutch
teeth 135a. In this respect, it may be constructed such
that only the driving-side clutch teeth 133a engage with
the driven-side clutch teeth 135a and transmit the power,
or altematively that both the driving-side clutch teeth
133a and the auxiliary clutch teeth 137a engage with the
driven-side clutch teeth 135a and transmit the power.
The latter is more suitable in terms of power transmission.
[0024] [0024] The above-mentioned connection be-
tween the driving-side clutch member 133 and the clutch
cam 137 in the circumferential direction by using the steel
balls 151 is made with respect to the direction of normal
rotation when the motor 111 is driven in the normal di-
rection. Connection between the driving-side clutch
member 133 and the clutch cam 137 with respect to the
direction of reverse rotation when the motor 111 is driven
in the reverse direction will be described below.
[0025] [0025] The driver bit 119 is detachably coupled
to the tip end portion (front end portion) of the spindle
117. Further, an adjuster sleeve 123 is fitted on the front
end portion of the clutch housing 107 and can adjust its
axial position. A stopper sleeve 125 is detachably mount-
ed on the front end of the adjuster sleeve 123. The
amount of protrusion of the driver bit 119 from the tip end
of the stopper sleeve 125 is adjusted by adjusting the
axial position of the adjuster sleeve 123. In this manner,
the tightening depth of the screw S can be adjusted.
[0026] [0026] The engagement speedup mechanism
161 of the clutch mechanism 131 will now be explained.
When the driver bit 119 is pressed against the workpiece
W via the screw S in order to tighten the screw S, the
spindle 117 retracts with respect to the body 103. At this
time, the engagement speedup mechanism 161 serves
to engage the driven-side clutch teeth 135a of the spin-
dle-side clutch member 135 with the driving-side clutch
teeth 133a and the auxiliary clutch teeth 137a at higher
speed than the moving speed of the spindle 117. As
shown in FIG. 2 and FIGS. 11 to 13, the engagement
speedup mechanism 161 includes a plurality of (three in
this embodiment) steel balls 162. The steel balls 162 are
disposed between the spindle 117 and the spindle-side
clutch member 135 and serves to connect the spindle
117 and the spindle-side clutch member 135. FIGS. 11
to 13 show the operation of the engagement speedup

mechanism 161 and only the engagement speedup
mechanism 161 is shown in enlarged view in a circle on
the right side of each of the drawings.
[0027] [0027] The cylindrical portion 163 is formed in
the rear end portion of the spindle 117. The spindle-side
clutch member 135 is fitted on the rear end of the cylin-
drical portion 163 such that it can move in the axial di-
rection with respect to the spindle 117. Forward move-
ment of the spindle-side clutch member 135 is prevented
by contact of the inclined front surface of the spindle-side
clutch member 135 with the inclined surface of a stopper
ring 127 that is mounted to the clutch housing 107. Three
through holes 164 are formed in a portion of the cylindrical
portion 163 of the spindle 117 which engages with the
spindle-side clutch member 135 and extend radially
through the cylindrical portion 163. The through holes
164 are arranged at equal intervals (of 120°) with respect
to each other in the circumferential direction. Further, en-
gagement recesses 165 are formed in the inner periph-
eral surface of the spindle-side clutch member 135 in
positions which correspond to the positions of the through
holes 164. The steel balls 162 engage with the engage-
ment recesses 165. Each of the engagement recesses
165 has a generally quarter-spherical, inclined surface
165a that is inclined in such a manner as to widen forward
(rightward as viewed in the drawings). Each of the steel
balls 162 has such a large diameter that the steel ball
162 fitted in the associated through hole 164 protrudes
to the outside and inside of the cylindrical portion 163.
The portion of the steel ball 162 which protrudes to the
outside engages with the associated engagement recess
165 of the spindle-side clutch member 135. The portion
of the steel ball 162 which protrudes to the inside engages
with the outer peripheral surface of the above-mentioned
support shaft 143 within the cylindrical portion 163. In
this manner, the spindle-side clutch member 135 and the
spindle 117 are integrated in the circumferential direction
via the steel balls 162, but can move in the axial direction
with respect to each other.
[0028] [0028] A stepped portion 166 is radially formed
in a portion of the outer peripheral surface of the support
shaft 143 which is inserted into the cylindrical portion 163
of the spindle 117. The stepped portion 166 has an in-
clined surface 166a that is inclined or tapered forward
(rightward as viewed in the drawings). Specifically, the
support shaft 143 has a small-diameter portion 167 and
a large-diameter portion 168, and the stepped portion
166 contiguously connect the small-diameter portion 167
and the large-diameter portion 168 by means of the in-
clined surface 166a. Under unloaded conditions in which
the driver bit 119 is not pressed against the workpiece
W, the steel balls 162 contact the small-diameter portion
167 of the support shaft 143. When the driver bit 119 is
pressed against the workpiece W and the spindle 117
retracts, the steel balls 162 slide over the stepped portion
166. At this time, each of the steel balls 162 further pro-
trudes to the outside of the cylindrical portion 163 and
pushes the inclined surface 165a of the associated en-
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gagement recess 165 of the spindle-side clutch member
135. Thus, the spindle-side clutch member 135 is pushed
rearward by axial component force acting upon the in-
clined surface 165a of the engagement recess 165. As
a result, the spindle-side clutch member 135 retracts at
higher speed than the retracting speed of the spindle 117.
[0029] [0029] Next, connection between the driving-
side clutch member 133 and the clutch cam 137 in the
reverse rotation when the motor 111 is driven in the re-
verse direction in order to loosen the screw S will now
be explained with reference to FIGS. 14 to 16.
[0030] [0030] As shown in the drawings, during the re-
verse rotation of the driving-side clutch member 133, the
driving-side clutch member 133 and the dutch cam 137
can move in the circumferential and axial directions with
respect to each other via a driving-side end surface cam
portion 171 of the driving-side clutch member 133 and a
driven-side end surface cam portion 173 of the clutch
cam 137. The driving-side and driven-side end surface
cam portions 171 and 173 are features that correspond
to the "inclined surface portions" in the present invention.
The driving-side and driven-side end surface cam por-
tions 171 and 173 face with each other in the axial direc-
tion and have inclined surfaces 171a and 173a, respec-
tively, that are inclined at the same angle and extend in
the circumferential direction. Further, the driving-side
and driven-side end surface cam portions 171 and 173
have flat surfaces 171b and 173b for holding the disen-
gagement position and flat surfaces 171c and 173c for
holding the engagement position, respectively. The flat
surfaces 171b and 173b extend from one longitudinal
end of the inclined surfaces 171a and 173a in a direction
perpendicular to the axial direction. The flat surfaces
171c and 173c extend from the other longitudinal end of
the inclined surfaces 171a and 173a in a direction per-
pendicular to the axial direction. Further, projections
171d and 173d are formed on the side of the flat surfaces
171c and 173c for holding the disengagement position
and extend from the end surface cam portions 171 and
173 in the axial direction.
[0031] [0031] As shown in FIG. 14, when the motor
111 is stopped, the projection 171d of the driving-side
end surface cam portion 171 contacts the flat surface
173b of the driven-side end surface cam portion 173,
while the projection 173d of the driven-side end surface
cam portion 173 contacts the flat surface 171b of the
driving-side end surface cam portion 171. In this state,
the clutch cam 137 is located apart from the spindle-side
clutch member 135, so that the auxiliary clutch teeth 137a
are disengaged from the drivcn-side clutch teeth 135a.
[0032] [0032] When the driving-side clutch member
133 is caused to rotate in the reverse direction by driving
the motor 111 in the reverse direction, the clutch cam
137 is held stationary and the biasing force of the com-
pression coil spring 149 is acting upon the clutch cam
137 as a force of holding it stationary. As a result, the
driving-side clutch member 133 and the clutch cam 137
move in the circumferential direction with respect to each

other. At this time, as shown in FIG. 15, the projection
171d of the driving-sidc end surface cam portion 171
slides on the inclined surface 173a of the driven-side end
surface cam portion 173, while the projection 173d of the
driven-side end surface cam portion 173 slides on the
inclined surface 171 a of the driving-side end surface
cam portion 171. This sliding movement causes the driv-
ing-side clutch member 133 and the clutch cam 137 to
move in the axial direction with respect to each other. At
this time, however, the thrust bearing 147 prevents the
axial movement of the driving-side clutch member 133.
Therefore, only the clutch cam 137 is caused to move
toward the driven-side clutch member 135. At this time,
the amount of travel X of the clutch cam 137 is greater
than the distance T between the auxiliary clutch teeth
137a of the clutch cam 137 and the driven-side clutch
teeth 135a of the spindle-side clutch member 135 which
are in the disengagement position. Thus, the axial move-
ment of the clutch cam 137 causes the auxiliary clutch
teeth 137a to engage with the driven-side clutch teeth
135a.
[0033] [0033] The driving-side clutch member 133 and
the clutch cam 137 are prevented from moving in the
circumferential direction with respect to each other by
contact of a circumferential end surface of the projection
171d of the driving-side end surface cam portion 171 and
a circumferential end surface of the projection 173d of
the driven-side end surface cam portion 173. In this cir-
cumferential movement prevented position, the projec-
tion 171d of the driving-side end surface cam portion 171
contacts the flat engagement position holding surface
173c of the driven-side end surface cam portion 173,
while the projection 173d of the driven-side end surface
cam portion 173 contacts the flat engagement position
holding surface 171c of the driving-side end surface cam
portion 171. As a result, as shown in FIG. 16, the axial
movement of the clutch cam 137 with respect to the driv-
ing-side clutch member 133 is limited, so that engage-
ment of the auxiliary clutch teeth 137a and the driven-
side clutch teeth 135a is maintained.
[0034] [0034] The projection 171d of the driving-side
end surface cam portion 171 and the projection 173d of
the driven-side end surface cam portion 173 are rectan-
gular as shown in the drawings. Therefore, as shown in
FIG. 15, the projections 171d, 173d slide on the inclined
surfaces 171a, 173a in line contact via corners 171e,
173e. Thus, the projections 171d, 173d can slide smooth-
ly with low friction. Further, the projections 171d, 173d
make surface contact with the flat engagement position
holding surfaces 171c, 173c. Therefore, the engagement
between the auxiliary clutch teeth 137a and the driven-
side clutch teeth 135a can be maintained even if, for ex-
ample, the driving-side clutch member 133 and the clutch
cam 137 slightly move in the circumferential direction with
respect to each other.
[0035] [0035] As shown in FIG. 14, when the motor
111 is stopped, a predetermined clearance C is provided
in the circumferential direction between the cam face 155
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that is formed in the clutch cam 137 for pressing the steel
ball 151 and the projection 171 d of the driving-side end
surface cam portion 171. The clearance C allows the
driving-side clutch member 133 and the clutch cam 137
to move in the circumferential direction with respect to
each other when the motor 11 is driven in the normal
direction.
[0036] [0036] Operation of the electric screwdriver 101
having the above-mentioned construction will now be ex-
plained. First, it will be described for the operation of tight-
ening the screw S by driving the motor 111 in the normal
direction. FIGS. 3 to 6 show the operation of the clutch
mechanism 131 during the tightening operation step by
step. FIGS. 7 to 10 show the operation of components
of the clutch mechanism 131 during the tightening oper-
ation in the order corresponding to that of FIGS. 3 to 6.
FIGS. 11 to 13 show the operation of the engagement
speedup mechanism 161 of the clutch mechanism 131
step by step.
[0037] [0037] FIG. 3 shows the state in which the screw
S is set on the driver bit 119 and placed in position on
the workpiece W under unloaded conditions in which the
screwdriver 101 is not pressed in the screw-tightening
direction. Under the unloaded conditions, the spindle-
side clutch member 135 is separated from the driving-
side clutch member 133 and the clutch cam 137 by the
biasing force of the compression coil spring 149. Thus,
the driven-side clutch teeth 135a are not engaged with
the driving-side clutch teeth 133a and the auxiliary clutch
teeth 137a, so that the clutch mechanism 131 is held
disengaged.
[0038] [0038] In this disengaged state, the steel balls
162 of the engagement speedup mechanism 161 contact
the small-diameter portion 167 of the support shaft 143
and protrude deepest into the inside of the cylindrical
portion 163 of the spindle 117 (see FIG. 11). Further, the
auxiliary clutch teeth 137a are located forward of the driv-
ing-side clutch teeth 133a in the rotational direction by
the angle α. Each of the steel balls 151 is located in the
deepest part of the groove bottom 153a of the associated
lead groove 153 of the driving-side clutch member 133
(see FIG. 7). Thus, the steel balls 151 do not protrude
from the rear surface 133c of the driving-side clutch mem-
ber 133, and the rear surface 133c of the driving-side
clutch member 133 contacts the thrust bearing 147.
When, in the disengaged state of the clutch mechanism
131, a rotation selecting member of the motor 111 is
switched to normal rotation and the trigger 121 is de-
pressed to drive the motor 111, the driving-side clutch
member 133 and the clutch cam 137 idle in the direction
of normal rotation via the pinion gear 115 and the driving
gear 134.
[0039] [0039] In this state, when the screw S on the
driver bit 119 is pressed against the workpiece W by mov-
ing the screwdriver 101 forward (toward the workpiece
W), the body 103 moves, but the driver bit 119 and the
spindle 117 do not move. Therefore, the driver bit 119
and the spindle 117 retract (leftward as viewed in the

drawing) with respect to the body 103 while compressing
the compression coil spring 149. During this retraction of
the spindle 117, the steel balls 162 held by the cylindrical
portion 163 of the spindle 117 slide over the stepped
portion 166 of the support shaft 143. At this time, each
of the steel balls 162 is pushed to the outside of the cy-
lindrical portion 163 and pushes the inclined surface 165a
of the associated engagement recess 165 of the spindle-
side clutch member 135. Thus, the spindle-side clutch
member 135 is pushed rearward by axial component
force acting upon the inclined surface 165a of the en-
gagement recess 165. As a result, the spindle-side clutch
member 135 retracts at higher speed than the retracting
speed of the spindle 117 (see FIG. 12).
[0040] [0040] This retracting movement causes the
driven-side clutch teeth 135a to move toward the driving-
side clutch member 133 and the clutch cam 137. The
driven-side clutch teeth 135a then engage with the aux-
iliary clutch teeth 137a before the driving-side clutch teeth
133a because the auxiliary clutch teeth 137a is located
forward of the driving-side clutch teeth 133a in the rota-
tional direction by the angle α. As a result, the clutch
mechanism 131 is engaged and the rotating torque is
transmitted to the spindle 117 via the spindle-side clutch
member 135 (see FIGS. 4, 8 and 13). As a result, the
spindle 117 and the driver bit 119 rotate in the normal
direction and the operation of tightening the screw S is
started. When the screw-tightening operation is started,
the clutch cam 137 receives a load in the circumferential
direction via the spindle-side clutch member 135, which
causes the clutch cam 137 to move in a direction that
delays its rotation with respect to the driving-side clutch
member 133. As a result, the phase difference (of an
angle α) between the driving-side clutch teeth 133a and
the auxiliary clutch teeth 137a becomes zero, and the
driving-side clutch teeth 133a engage with the driven-
side clutch teeth 135a (see FIG. 9(C)).
[0041] [0041] When the clutch cam 137 is caused to
move with respect to the driving-side clutch member 133
in the circumferential direction, each of the steel balls
151 fitted in the lead grooves 153 of the driving-side
clutch member 133 is pushed by the associated cam face
155 of the clutch cam 137 and moved along the inclined
surface of the groove bottom 153a toward a shallower
part of the groove bottom 153a (upward as viewed in
FIG. 9) within the associated lead groove 153 (see FIGS.
9(A) and 9(C)). Thus, part of the steel ball 151 protrudes
from the rear surface 133c of the driving-side clutch mem-
ber 133 toward the thrust bearing 147. As a result, the
driving-side clutch member 133 and the clutch cam 137
move forward (toward the spindle-side clutch member
135) while compressing the compression coil spring 149.
By this forward movement, the driving-side clutch teeth
133a and the auxiliary clutch teeth 137a engage deeply
(completely) with the driven-side clutch teeth 135a. Fur-
ther, a clearance C is created between the rear surface
133c of the driving-side clutch member 133 and the front
surface of the thrust bearing 147 (see FIGS. 5 and 9(A)).
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Upon completion of the screw-tightening operation, this
clearance C serves to allow the driving-side clutch mem-
ber 133 and the clutch cam 137 to idle quietly while hold-
ing the clutch mechanism 131 in the disengaged state.
The movement of the driving-side clutch member 133
and the clutch cam 137 toward the spindle-side clutch
member 135 to create the clearance C is a silent clutch
operation.
[0042] [0042] Thereafter, the screw-tightening opera-
tion proceeds in the completely engaged state of the
clutch mechanism 131 and the tip end of the stopper
sleeve 125 contacts the workpiece W. In this state, the
screw S is further tightened by the rotating torque of the
spindle 117 and the driver bit 119 because the clutch
mechanism 131 is engaged. As a result, the spindle-side
clutch member 135 and the spindle 117 which have been
biased forward by the compression coil spring 149 move
forward. Thus, the driven-side clutch teeth 135a gradu-
ally move away from the driving-side clutch teeth 133a
and the auxiliary clutch teeth 137a into incomplete en-
gagement and finally into complete disengagement.
Then, the operation of tightening the screw S is complet-
ed. Immediately before this clutch disengagement, each
of the steel balls 162 of the engagement speedup mech-
anism 161 moves from the large-diameter portion 168 of
the support shaft 143 to the small-diameter portion 167
via the inclined surface 166a of the stepped portion 166.
As a rcsult, the pressing force of the steel ball 162 is no
longer applied on the inclined surface 165a of the asso-
ciated engagement recess 165, so that the spindle-side
clutch member 135 moves forward by the biasing force
of the compression coil spring 149. The spindle-side
clutch member 135 moves forward at higher speed than
the spindle 117. Thus, faster clutch disengagement is
achieved. This state is shown in FIGS. 6 and 10.
[0043] [0043] When the clutch mechanism 131 is thus
disengaged, a circumferential load applied by screw-
tightening is no longer applied on the clutch cam 137. At
this time, the biasing force of the compression coil spring
149 is applied to the clutch cam 137 from the steel balls
151, which are in contact with the thrust bearing 147, via
the cam faces 155 of the clutch cam 137 in a direction
opposite to the above-mentioned circumferential load.
Therefore, in the absence of the circumferential load on
the clutch cam 137, the clutch cam 137 moves in the
circumferential direction with respect to the driving-side
clutch member 133, which causes each of the steel balls
151 to move toward a deeper part of the groove bottom
153a of the associated lead groove 153. As a result, the
driving-side clutch member 133 and the clutch cam 137
move into contact with the thrust bearing 147. The
amount of this travel corresponds to the amount of the
clearance C created by the above-mentioned silent
clutch operation. Thus, a proper clearance for avoiding
interference is created between the driving-side clutch
teeth 133a and auxiliary clutch teeth 137a and the driven-
side clutch teeth 135a. By provision of such clearance,
after clutch disengagement, the driven-side clutch teeth

135a can be held disengaged from the driving-side clutch
teeth 133a and auxiliary clutch teeth 137a. As a result,
the clutch mechanism 131 can idle quietly without inter-
ference of the driving-side clutch teeth 133a and auxiliary
clutch teeth 137a with the driven-side clutch teeth 135a
and can suitably perform the function as a silent clutch.
[0044] [0044] As mentioned above, with the clutch
mechanism 131 according to this embodiment, during
the operation of tightening the screw S by driving the
motor 111 in the normal direction, the driving-side clutch
teeth 133a of the driving-side clutch member 133 which
is rotated in the normal direction by the motor 111 engage
with the driven-side clutch teeth 135a of the spindle-side
clutch member 135. However, before this engagement
between the clutch teeth 133a and 135a, the auxiliary
clutch teeth 137a of the clutch cam 137 which rotates
together with the driving-side clutch member 133 engage
with the driven-side clutch teeth 135a. Thereafter, the
clutch cam 137 moves in the circumferential direction
with respect to the driving-side clutch member 133 and
the driving-side clutch teeth 133a engage with the driven-
side clutch teeth 135a. Specifically, the auxiliary clutch
teeth 137a of the clutch cam 137 receives an impact load
of the engagement of the clutch mechanism 131, and
thereafter, the driving-side clutch teeth 133a of the driv-
ing-side clutch member 133 engage with the driven-side
clutch teeth 135a of the spindle-side clutch member 135.
Thus, the clutch cam 137 serves as a cushion for en-
gagement between the driving-side clutch member 133
and the spindle-side clutch member 135. As a result, the
impact of engagement between the driving-side clutch
member 133 and the spindle-side clutch member 135
can be alleviated.
[0045] [0045] The clutch cam 137 which has engaged
with the driven-side clutch teeth 135a of the spindle-side
dutch member 135 receives a rotating torque from the
spindle-side clutch member 135 and moves in a direction
that delays (retracts) with respect to the rotation in the
normal direction while compressing the compression coil
spring 149. Therefore, the impact of engagement be-
tween the auxiliary clutch teeth 137a and the driven-side
clutch teeth 135a can also be alleviated. Further, the driv-
ing-side clutch teeth 133a and the auxiliary clutch teeth
137a engage with the driven-side clutch teeth 135a in
surface contact. The mating surfaces of the clutch teeth
133a, 135a, 137a are flat and extend in directions cross-
ing the circumferential direction. Therefore, the load per
unit contact area on the mating surfaces can be reduced,
and friction can be reduced.
[0046] [0046] Further, the clutch cam 137 moves with
respect to the driving-side clutch member 133 within a
range defined by the circumferential length of the lead
groove 153. In this embodiment, the clutch cam 137 is
allowed to further move in a direction that delays its ro-
tation when the driving-side clutch teeth 133a is in en-
gagement with the driven-side clutch teeth 135a. There-
fore, the driving-side clutch member 133 can receive the
load of disengagement of the clutch mechanism 131,
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while the clutch cam 137 can receive the load of engage-
ment.
[0047] [0047] As mentioned above, with the clutch
mechanism 131 according to this embodiment, during
the operation of tightening the screw S by driving the
motor 111 in the normal directio, the impact of the clutch
engagement can be alleviated. As a result, durability of
the driving-side clutch member 133, the clutch cam 137
and the spindle-side clutch member 135 can be in-
creased, so that the life can be prolonged.
[0048] [0048] Further, in this embodiment, the clutch
cam 137 is disposed within the circular recess 133b of
the driving-side clutch member 133, and the front surface
of the clutch cam 137 is flush with the front surface of the
driving-side clutch member 133. With such construction,
the axial length of the clutch mechanism 131 having the
clutch cam 137 between the driving-side clutch member
133 and the spindle-side clutch member 135 can be
shortened to the same length as a clutch mechanism
without the clutch cam 137. Thus, the length of the screw-
driver 101 can be shortened.
[0049] [0049] Further, in this embodiment, the steel
balls 151 are used for silent clutch operation as axial
displacement means for displacing the driving-side
clutch member 133 in the axial direction. Each of the steel
balls 151 rolls along the inclined surface of the groove
bottom 153a of the associated lead groove 153 of the
driving-side clutch member 133. This rolling movement
is utilized to move the driving-side clutch member 133 in
the axial direction. Therefore, smooth movement of the
driving-side clutch member 133 can be achieved with
lower frictional resistance.
[0050] [0050] Further, the clutch mechanism 131 ac-
cording to this embodiment has the engagement spee-
dup mechanism 161 between the spindle 117 and the
spindle-side clutch member 135, which allows the spin-
dle-side clutch member 135 to move at higher speed than
the spindle 117. Thus, the speed of engagement of the
driven-side clutch teeth 135a with the auxiliary clutch
teeth 137a increases. Further, the number of times that
the driven-side clutch teeth 135a and the auxiliary clutch
teeth 137a ride past each other (the number of times that
the axial end surfaces of the clutch teeth 135a, 137a in-
terfere with each other) in order to achieve the engage-
ment decreases, so that the clutch engagement can be
more easily made. As a result, the friction between the
clutch teeth 135a and 137a is reduced, so that the life of
the clutch mechanism 131 can be prolonged.
[0051] [0051] Further, in this embodiment, the inclined
surface 165a of the engagement recess 165 of the spin-
dle-side clutch member 135 engages with the associated
steel ball 162. Therefore, the rotating torque of the spin-
dle-side clutch member 135 is transmitted to the spindle
117 via the steel balls 162. Specifically, the steel balls
162 serve not only as an engagement speedup member
for moving the spindle-side clutch member 135 at higher
speed than the spindle 117, but as a member for trans-
mitting the rotating torque. Therefore, the fit between the

spindle-side clutch member 135 and the spindle 117 al-
lows transmission of the rotating torque and can be sim-
plified in structure without need for spline engagement.
[0052] [0052] Next, operation of loosening the screw
S driven into the workpiece W will now be explained with
reference to FIGS. 14 to 16. FIG. 14 shows the state in
which the motor is stopped. At this time, the projection
171d of the driving-side end surface cam portion 171 and
the projection 173d of the driven-side end surface cam
portion 173 contact the associated flat surfaces 173b and
171b for keeping the disengagement position, respec-
tively. In this state, when the rotation selecting member
of the motor 111 is changed to the reverse direction and
the motor 111 is driven in the reverse direction by de-
pressing the trigger 121, the driving-side clutch member
133 is caused to rotate in the reverse direction via the
pinion gear 115 and the driving gear 134. At this time, as
mentioned above, the clutch cam 137 is held stationary
and the biasing force of the compression coil spring 149
is acting upon the clutch cam 137 as a force of holding
it stationary.
[0053] [0053] As a result, the driving-side clutch mem-
ber 133 and the clutch cam 137 move in the circumfer-
ential direction with respect to each other. By this move-
ment, the projection 171d of the driving-side end surface
cam portion 171 slides on the inclined surface 173a of
the driven-side end surface cam portion 173, while the
projection 173d of the driven-side end surface cam por-
tion 173 slides on the inclined surface 171a of the driving-
side end surface cam portion 171. As shown in FIG. 15,
this sliding movement causes the clutch cam 137 to move
away from the driving-side clutch member 133 against
the biasing force of the compression coil spring 149, or
toward the driven-side clutch member 135. As a result,
the auxiliary clutch teeth 137a of the clutch cam 137 en-
gage with the driven-side clutch teeth 135a of the spindle-
side clutch member 135.
[0054] [0054] At this time, the movement of the driving-
side clutch member 133 and the clutch cam 137 in the
circumferential direction with respect to each other is pre-
vented by contact between the projections 171d and
173d. Thus, the driving-side clutch member 133 and the
clutch cam 137 are locked to each other in the reverse
direction and rotate together. This rotating torque is trans-
mitted to the spindle-side clutch member 135 via engage-
ment between the auxiliary clutch teeth 137a and the
driven-side clutch teeth 135a, which causes the driver
bit 119 to rotate in the reverse direction via the spindle
117.
[0055] [0055] Thus, according to this embodiment, the
clutch mechanism 131 can be directly engaged and the
driver bit 119 is caused to rotate in the reverse direction
solely by driving the motor 111 in the reverse direction.
In order to perform the operation of loosening the screw
S, first, the tip end of the driver bit 119 is placed on the
head of the screw S to be loosened, and then the motor
11 is driven in the reverse direction. Then, the torque of
the motor 111 in the reverse direction can be transmitted
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from the driving-side clutch member 133 to the driven-
side clutch member 135. At this time, it is not necessary
for the user to apply a pressing force to the body 103. In
this manner, the operation of loosening the screw S can
be easily performed. Specifically, according to this em-
bodiment, during the reverse rotation of the motor 111,
the driver bit 119 can be rotated in the reverse direction
without application of the pressing force of the user to
the body 103, or without pressing the tip end of the stop-
per sleeve 125 against the workpiece W. Therefore, the
operation of loosening the screw S can be performed
with the stopper sleeve 125 left attached to the body 103.
Thus, the workability can be improved.
[0056] [0056] In this case, when a pressing force is
applied to the body 103 with the driver bit 119 set on the
head of the screw S, the spindle-side clutch member 135
is caused to retract via the driver bit 119 and the spindle
117, and the driven-side clutch teeth 135a deeply engage
with the driving-side clutch teeth 133a and the auxiliary
clutch teeth 137a. Therefore, the operation of loosening
the screw S can be performed in the state of stable en-
gagement.
[0057] [0057] Further, in this embodiment, the axial
end surface of the projection 171d of the driving-side end
surface cam portion 171 and the axial end surface of the
projection 173d of the driven-side end surface cam por-
tion 173 make surface contact with the flat engagement
position holding surfaces 173c, 171c in the position in
which the driving-side clutch member 133 and the clutch
cam 137 are prevented from moving in the circumferen-
tial direction with respect to each other by contact be-
tween the projections 171d, 173d. In this manner, en-
gagement between the auxiliary clutch teeth 137a and
the driven-side clutch teeth 135a is maintained. With
such construction, the engagement between the auxiliary
clutch teeth 137a and the driven-side clutch teeth 135a
can be reliably maintained even if, for example, the driv-
ing-side clutch member 133 and the clutch cam 137
slightly displace in the circumferential direction with re-
spect to each other. Therefore, the operation of loosening
the screw S can be performed in a stable state.
[0058] [0058] Although, in this embodiment, the driv-
ing-side end surface cam portion 171 and the driven-side
end surface cam portion 173 have the inclined surfaces
171 a and 173a, respectively, either of the inclined sur-
faces may be omitted.

(Second Embodiment)

[0059] [0059] A second embodiment of the present in-
vention will now be described with reference to FIGS. 17
to 24. In this embodiment, an engagement position
changing mechanism 181 is provided which is manually
operated by the user and serves to switch between tight-
ening mode and loosening mode of operation of the driver
bit 119 by changing the engagement position of the clutch
mechanism 131 during normal and reverse rotation of
the motor 111. The other construction is similar to that

of the first embodiment. Therefore, components identical
or substantially identical to those in the first embodiment
are given like numerals as in the first embodiment and
will not be described. FIG. 17 shows the entire screw-
driver 101 having the clutch mechanism 131 equipped
with the engagement position changing mechanism 181.
FIGS. 18 to 20 show the operation of the clutch mecha-
nism 131. FIG. 18 shows the clutch mechanism 131 im-
mediately after operation of tightening the screw S has
been completed, FIG. 19 shows the clutch mechanism
131 at the time of change to the mode of loosening the
screw S, and FIG. 20 shows the clutch mechanism 131
during operation of loosening the screw S. FIG. 21 is a
view taken from the direction shown by arrow "A" in FIG.
19. FIG. 22 shows components of the engagement po-
sition changing mechanism 181.
[0060] [0060] The engagement position changing
mechanism 181 is provided as a means for moving the
driving-side clutch teeth 133a and the auxiliary clutch
teeth 137a toward and away from the driven-side clutch
teeth 135a of the spindle-side clutch member 135 by
moving (advancing and retracting) the driving-side clutch
member 133 and the clutch cam 137 in the axial direction.
The position of the mode of loosening the screw S is the
forward position to which the driving-side clutch member
133 and the clutch cam 137 are moved toward the spin-
dle-side clutch member 135. The position of the mode of
tightening the screw S is the rearward position to which
the driving-side clutch member 133 and the clutch cam
137 are moved away from the spindle-side clutch mem-
ber 135.
[0061] [0061] As shown in FIG. 22, the engagement
position changing mechanism 181 includes a disc-like
washer 183 and a plate-like engagement position selec-
tion lever 185. As shown in FIGS. 17 to 20, the washer
183 and the engagement position selection lever 185 are
disposed between the fan housing 106 and the thrust
bearing 147. The fan housing 106 is disposed between
the motor housing 105 and the clutch housing 107. The
washer 183 serves also as one roller bearing which is a
component of the thrust bearing 147. As shown in FIGS.
23 and 24, two projections 183b extend from the outer
peripheral surface of the washer 183 and slidably engage
in associated guide grooves 106a of the fan housing 106.
The washer 183 can move in the axial direction of the
support shaft 143 via the projections 183b.
[0062] [0062] The engagement position selection lever
185 is rotatably fitted onto the support ring 186 and can
swing on the axis of the support shaft 143. The washer
183 and the engagement position selection lever 185 are
arranged in a superimposed state on each other and have
end surface teeth 183a and 185a, respectively, on the
mating faces in the circumferential direction. The end sur-
face teeth 183a and 185a can be engaged with each
other. The end surface teeth 183a of the washer 183 and
the end surface teeth 185a of the engagement position
selection lever 185 can be switched between the en-
gaged state and the disengaged state by rotation of the
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washer 183 and the engagement position selection lever
185 with respect to each other. In the engaged state, the
teeth of one of the washer 183 and the engagement po-
sition selection lever 185 fit between the teeth of the other
of the washer 183 and the engagement position selection
lever 185 (as shown in a circle in FIG. 23). In the disen-
gaged state, the teeth of one of the washer 183 and the
engagement position selection lever 185 ride on the teeth
of the other of the washer 183 and the engagement po-
sition selection lever 185 (as shown in a circle in FIG.
24). FIGS. 23 and 24 are sectional views taken along line
B-B in FIG. 17, and in the circles above the sectional
views are shown the engaged or disengaged state of the
end surface teeth 183a, 185a.
[0063] [0063] When the end surface teeth 183a of the
washer 183 and the end surface teeth 185a of the en-
gagement position selection lever 185 engage with each
other, as shown in FIG. 17, the washer 183 and the en-
gagement position selection lever 185 are superimposed
on each other in close contact by the biasing force of the
compression coil spring 149. At this time, the driving-side
clutch member 133 and the clutch cam 137 are in the
rearward position to which they are moved away from
the spindle-side clutch member 135. On the other hand,
when the end surface teeth 183a of the washer 183 and
the end surface teeth 185a of the engagement position
selection lever 185 disengage from each other, the wash-
er 183 moves away from the engagement position se-
lection lever 185 by the distance corresponding to the
height of the end surface teeth 183a (see FIG. 19). This
movement causes the driving-side clutch member 133
and the clutch cam 137 to be pushed (advanced) toward
the spindle-side clutch member 135 against the biasing
force of the compression coil spring 149. At this time, the
driving-side clutch member 133 and the clutch cam 137
are in the forward position to which they are moved to-
ward the spindle-side clutch member 135.
[0064] [0064] Thus, the engagement position chang-
ing mechanism 181 is configured such that the engage-
ment position of the driven-side clutch teeth 135a with
the driving-side clutch teeth 133a and the auxiliary clutch
teeth 137a can be changed by changing the position of
the driving-side clutch member 133 and the clutch cam
137 between the rearward position and the forward po-
sition. Further, as shown in the circles of FIGS. 23 and
24, the end surface teeth 183a of the washer 183 and
the end surface teeth 185a of the engagement position
selection lever 185 have an inclined surface which is in-
clined at such an angle as to allow smooth disengage-
ment. Further, the engagement position selection lever
185 has a clearance hole 185c for avoiding interference
with the output shaft 113 of the motor 111.
[0065] [0065] As shown in FIGS. 17 and 19, a rotation
selection switch 187 is mounted on a portion of the motor
housing 105 and serves to change the direction of rota-
tion of the motor 111. The rotation selection switch 187
has a switch lever 189 which can be operated by rotating
between the normal rotation position and the reverse ro-

tation position. The operation force of rotating the switch
lever 189 is transmitted to the engagement position se-
lection lever 185 via a coupling mechanism 191. Specif-
ically, the engagement position changing mechanism
181 is configured such that the change of the engage-
ment position between the tightening mode position and
the loosening mode position can be interlocked with the
rotation selecting operation of the switch lever 189. The
engagement position selection lever 185 and the switch
lever 189 are features that correspond to the "mode se-
lecting member" and the "rotation selecting member", re-
spectively according to the invention.
[0066] [0066] The coupling mechanism 191 includes
a lever rod 193 which extends parallel to the support shaft
143. The lever rod 193 is disposed within the motor hous-
ing 105 and the fan housing 106 and can rotate around
the axis of the lever rod 193. A forked arm 193a is formed
on one axial end of the lever rod 193 and engages with
an end projection 189a of the switch lever 189 (see FIG.
21). An arm 193b is formed on the other axial end of the
lever rod 193 and engages with a recess 185b formed
on the end of the engagement position selection lever
185.
[0067] [0067] With this construction, when the switch
lever 189 is rotated between the normal rotation position
and the reverse rotation position, the end projection 189a
of the switch lever 189 pushes the forked arm 193a, which
causes the lever rod 193 to rotate. At the same time, the
lever rod 193 rotates the engagement position selection
lever 185 via the arm 193b on the other end. Specifically,
when the switch lever 189 is rotated to the normal rotation
position, the engagement position selection lever 185 is
rotated via the lever rod 193 to a position in which the
end surface teeth 185a engage with the end surface teeth
183a of the washer 183. When the switch lever 189 is
rotated to the reverse rotation position, the engagement
position selection lever 185 is rotated to a position in
which the end surface teeth 185a disengage from (ride
on) the end surface teeth 183a of the washer 183.
[0068] [0068] Operation of the clutch mechanism 131
thus constructed according to this embodiment will now
be explained. When the switch lever 189 of the rotation
selection switch 187 of the motor 111 is rotated to the
normal rotation position in order to tighten the screw S,
the engagement position selection lever 185 is rotated
leftward (as viewed in FIG. 23) via the lever rod 193 by
the operation force of rotating the switch lever 189. Then,
the end surface teeth 185a of the engagement position
selection lever 185 engage with the end surface teeth
183a of the washer 183. As a result, as mentioned above,
the washer 183 and the engagement position selection
lever 185 closely contact with each other. At this time,
the clutch teeth 133a, 137a of the driving-side clutch
member 133 and the clutch cam 137 are move to the
rearward position. Thus, the engagement position be-
tween the clutch teeth 133a, 137a and the driven-side
clutch teeth 135a of the spindle-side clutch member 135
is changed to the rearward position. Specifically, engage-
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ment of the clutch mechanism 131 is the engagement in
the tightening mode. This state is shown in FIG. 17 and
corresponds to the unloaded conditions shown in FIG. 3
in the first embodiment.
[0069] [0069] Thereafter, the trigger 121 is depressed,
the motor is driven in the normal direction, and the screw
S is set on the driver bit 119 and pressed against the
workpiece W. When the driver bit 119 is pressed against
the workpiece W, the spindle-side clutch member 135 is
caused to retract together with the spindle 117, so that
the clutch mechanism 131 engages. The operation of
tightening the screw S is performed via this engagement
of the clutch mechanism 131. During the operation of
tightening the screw S, the clutch mechanism 131 per-
forms a silent clutch function. The operation of the clutch
mechanism 131 in the screw-tightening operation is iden-
tical to that in the tightening operation in the first embod-
iment, and therefore will not be described in further detail.
FIG. 18 shows the instant when the clutch mechanism
131 is disengaged immediately after the screw-tightening
operation has been completed. Thereafter, the driving-
side clutch member 133 and the clutch cam 137 are
pushed toward the thrust bearing 147 by the compression
coil spring 149 and moved by the distance corresponding
to the clearance C that has been created by the silent
clutch operation. As a result, a clearance for avoiding
interference is created between the dtiving-side clutch
teeth 133a and auxiliary clutch teeth 137a and the driven-
side clutch teeth 135a. Thus, the clutch mechanism 131
performs the silent clutch function.
[0070] [0070] On the other hand, when the switch lever
189 of the rotation selection switch 187 is rotated to the
reverse rotation position, the engagement position se-
lection lever 185 is rotated rightward (as viewed in FIG.
24) via the lever rod 193. Then, the end surface teeth
185a of the engagement position selection lever 185 dis-
engage from the end surface teeth 183a of the washer
183. As a result, as shown in FIG. 19, the engagement
position selection lever 185 pushes the washer 183 for-
ward, which causes the driving-side clutch member 133
and the clutch cam 137 to move together with the washer
183 toward the spindle-side clutch member 135 against
the biasing force of the compression coil spring 149. By
this movement, the engagement position of the driven-
side clutch teeth 135a with the driving-side clutch teeth
133a and the auxiliary clutch teeth 137a is changed to
the forward position. Specifically, the engagement posi-
tion of the clutch mechanism 131 is changed to the en-
gagement position for the mode of loosening the screw S.
[0071] [0071] Therefore, in order to perform the oper-
ation of loosening the screw S. in this state, the trigger
121 is depressed, the motor is driven in the reverse di-
rection, and the tip end of the driver bit 119 which pro-
trudes from the tip end of the stopper sleeve 125 is placed
on and pressed against the head of the screw S. Then,
the spindle-side clutch member 135 is caused to retract
together with the driver bit 119 and the spindle 117, and
the driven-side clutch teeth 135a engage with the driving-

side clutch teeth 133a and the auxiliary clutch teeth 137a.
At this point, the engagement of the driven-side clutch
teeth 135a with the driving-side clutch teeth 133a and
the auxiliary clutch teeth 137a are deep enough. There-
fore, the torque of the motor 11 in the reverse direction
is transmitted to the driver bit 119 via the clutch mecha-
nism 131 in the stable state. Thus, the operation of loos-
ening the screw S can be performed.
[0072] [0072] Thus, according to this embodiment,
when the motor 111 is driven in the reverse direction, the
clutch mechanism 131 engages in the forward position
to which the driving-side clutch member 133 and the
clutch cam 137 are moved toward the spindle-side clutch
member 135. With this construction, the operation of
loosening the screw S can be performed with the stopper
sleeve 125 left attached to the body 103. Thus, the work-
ability can be improved.
[0073] [0073] Further, in this embodiment, the opera-
tion of selecting the direction of rotation of the motor 111
is interlocked with the operation of selecting the mode of
operation of the driver bit 119. Thus, the ease of operation
can be improved and the operational misidentification
can be avoided.

(Modification of the second representative embodiment)

[0074] [0074] FIGS. 25 to 27 show a modification of
the second embodiment. In this modification, the oper-
ating method of the engagement position changing
mechanism 181 has been modified from the switch-cou-
pled operation to the manual operation. Specifically, in
the modification, the operation of selecting the direction
of rotation of the motor 111 and the operation of selecting
the clutch engagement position are separately per-
formed. This modification has an otherwise identical con-
struction with the second embodiment.
[0075] [0075] The engagement position changing
mechanism 181 includes the washer 183 and the en-
gagement position selection lever 185 which are ar-
ranged in a superimposed state on each other. Part of
the engagement position selection lever 185 extends out-
ward through the fan housing 106 that houses the en-
gagement position selection lever 185. A knob 185 is
provided on the exposed end of the extended part of the
engagement position selection lever 185. Specifically,
the engagement position selection lever 185 can be op-
erated from outside the body 103. When the engagement
position selection lever 185 is rotated between the tight-
ening operation mode position (see FIG. 26) for tighten-
ing the screw S and the loosening operation mode posi-
tion (see FIG. 27) for loosening the screw S, by operating
the knob 185d, the end surface teeth 183a of the washer
183 and the end surface teeth 185a of the engagement
position selection lever 185 are engaged with or disen-
gaged from each other. The engagement position selec-
tion lever 185 is a feature that corresponds to the "mode
selecting member" in this invention.
[0076] [0076] Like in the second embodiment, the en-
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gagement of the clutch mechanism 131 is performed in
the rearward position when the position selection lever
185 is rotated around the axis of the support shaft 143
to the tightening operation mode position, while the en-
gagement of the clutch mechanism 131 is performed in
the forward position when the position selection lever 185
is rotated to the loosening operation mode position.
Therefore, according to this modification, the same effect
can be obtained as in the second embodiment except for
the point that it is not a switch-coupled operation
[0077] [0077] In the second embodiment and the
above-mentioned modification, in the loosening opera-
tion mode, the spindle-side clutch member 135 is retract-
ed together with the driver bit 119 and the spindle 117
after the driving-side clutch teeth 133a and the auxiliary
clutch teeth 137a are moved to the forward position, so
that the driven-side clutch teeth 135a engage with the
driving-side clutch teeth 133a and the auxiliary clutch
teeth 137a. However, it may be constructed such that
the driven-side clutch teeth 135a engage with the driving-
side clutch teeth 133a and the auxiliary clutch teeth 137a
via the movement of the driving-side clutch teeth 133a
and the auxiliary clutch teeth 137a to the forward position.
This construction can be readily realized by further in-
creasing the amount of axial movement of the washer
183 with respect to the engagement position selection
lever 185, or by increasing the height of the end surface
teeth 183a.
[0078] [0078] Further, in the above embodiments, the
electric screwdriver 101 for tightening the screw S has
been described as a representative example of the "tight-
ening tool" according to the present invention. However,
the present invention is not limited to the screwdriver 101,
but may be applied to any tightening tool in which the
torque of the driving motor 111 is transmitted to the tool
bit via the clutch mechanism. Further, although, in the
above embodiments, the driving-side clutch member 133
is disposed on the outer side and the clutch cam 137 is
disposed on the inner side, they may be disposed vice
versa. In the above embodiments, the engagement spee-
dup mechanism 161 has been described as being dis-
posed between the spindle 117 and the spindle-side
clutch member 135. However, it may be constructed with-
out the engagement speedup mechanism 161. In this
case, the spindle 117 and the spindle-side clutch member
135 may be formed into one piece.
[0079] [0079] The engagement position selection lever
185 may be manually operated at a position outside of
the rotating radius of the end surface teeth 183a, 185a
such that the lever 185 functions as a cantilever. The
engagement position selection lever 185 may extend to
cross the longitudinal axis of the driving-side clutch mem-
ber 133. Further, the extending direction of the engage-
ment position selection lever 185 may preferably coin-
cides with the longitudinal direction of the body 103 in
the cross-section of the body 103 in order to utilize inner
space of the body 103. Further, the engagement position
selection lever 185 may be operated in the circumferen-

tial direction by utilizing a linkage defined by the arm
193b. By such construction, rotating width of the tip end
of the engagement position selection lever 185 during its
operation can be minimized and does not adversely af-
fect the space design of the body 103.
[0080] [0080] It is explicitly stated that all features dis-
closed in the description and/or the claims are intended
to be disclosed separately and independently from each
other for the purpose of original disclosure as well as for
the purpose of restricting the claimed invention independ-
ent of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Description of Numeral

[0081]

101 electric screwdriver (tightening tool)

103 body

105 motor housing

106 fan housing

106a guide groove

107 clutch housing

109 handgrip

111 driving motor (motor)

113 output shaft

115 pinion gear

117 spindle

117a flange

119 driver bit (tool bit)

121 trigger

123 adjuster sleeve

125 stopper sleeve

127 stopper ring

131 clutch mechanism
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133 driving-side clutch member (driving-side
clutch element)

133a driving-side clutch teeth

133b circular recess (recess)

133c rear surface

134 driving gear

135 spindle-side clutch member (driven-side
clutch element)

135a driven-side clutch teeth

137 clutch cam (auxiliary clutch)

137a auxiliary clutch teeth

141 bearing

143 support shaft

145 bearing

147 thrust bearing

149 compression spring (elastic element)

151 steel ball (axial displacement means)

153 lead groove

153a groove bottom

155 cam face

161 engagement speedup mechanism

162 steel ball

163 cylindrical portion

164 through hole

165 engagement recess

165a inclined surface

166 stepped portion

166a inclined surface

167 small-diameter portion

168a a large-diameter portion

171 driving-side end surface cam portion (in-
clined surface portion)

173 driven-side end surface cam portion (in-
clined surface portion)

171a, 173a inclined surface

171b, 173b flat engagement position holding surface

171c, 173c flat disengagement position holding sur-
face

171d, 173d projection

171e, 173e corner

181 engagement position changing mecha-
nism

183 washer

183a end surface teeth

183b projection

185 engagement position selection lever
(mode selecting member)

185a end surface teeth

185b recess

185c clearance hole

185d knob

186 support ring

187 rotation selection switch

189 switch lever (rotation selecting member)

189a end projection

191 coupling mechanism

193 lever rod

193a forked arm

193b arm

Claims

1. A tightening tool (101) comprising:
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a body (103),
a driving motor (111) housed in the body,
a driving-side clutch element (133) that receives
torque of the driving motor (111) both in normal
rotation and in reverse rotation,
an auxiliary clutch element (137) rotated by the
driving-side clutch element, the auxiliary clutch
element (137) movably provided in the axial di-
rection with respect to the driving-side clutch el-
ement (133),
a driven-side clutch element (135) that releasa-
bly engages with either one or both of the driving-
side clutch element (133) and the auxiliary clutch
element (137) so as to receive the torque of the
driving-side clutch element (133) to rotate,
a driven shaft (117) driven by rotation of the driv-
ing-side clutch element (133), and
a tool bit (119) connected to the driven shaft
(117) to perform a tightening operation and a
loosening operation via rotating torque of the
driven shaft (117), wherein:

the driven shaft (117) moves in the axial di-
rection with respect to the body (103) to-
gether with the driving-side clutch element
(133),
characterized in that during normal rota-
tion of the driving motor (111), the driven-
side clutch element (135) is caused to move
in the axial direction by application of a
pressing force of the user to the body (103)
to engage with the driving-side clutch ele-
ment (133), so that the torque of the driving
motor (111) in the normal direction is trans-
mitted to the tool bit (119) to perform a tight-
ening operation,
and that during reverse rotation of the driv-
ing motor (111), the driving-side clutch ele-
ment (133) and the auxiliary clutch element
(137) are caused to move relatively with re-
spect to each other in the axial direction by
rotating torque of the driving-side clutch el-
ement (133) and the driving-side clutch el-
ement (133) or the auxiliary clutch element
(137) engages with the driven-side clutch
element (136), so that the torque of the driv-
ing motor (111) in the reverse direction is
transmitted to the tool bit (119) to perform
a loosening operation.

2. The tightening tool (101) as defined in claim 1, further
comprising a support shaft (143) rotated by the driv-
ing motor (111), wherein the driving-side clutch ele-
ment (133) and the auxiliary clutch element (137)
are coaxially disposed on the support shaft (143) at
the same region in the longitudinal direction of the
support shaft (143) such that one of the driving-side
clutch element (133) and the auxiliary clutch element

(137) forms outer ring and the other forms inner ring.

3. The tightening tool (101) as defined in claim 1 or 2,
further comprising an inclined surface (165a) dis-
posed on at least one of the driving-side clutch ele-
ment (133) and the driven-side clutch element (135),
wherein, during reverse rotation of the driving motor
(111), the axial relative movement of the driving-side
clutch element (133) and the auxiliary clutch element
(137) is caused by moving with respect to each other
via the inclined surface (165a) within a predeter-
mined range in the circumferential direction, and
wherein said axial movement causes the driving-
side clutch element (133) or the auxiliary clutch ele-
ment (137) to engage with the driven-side clutch el-
ement (135) and said engagement is maintained in
a position in which said relative movement in the
circumferential direction is prevented.

4. The tightening tool (101) as defined in any one of
claims 1 to 3, wherein the driving-side clutch element
(133) can move in the axial direction with respect to
the body (103), and the driven shaft (117) can move
in the axial direction with respect to the body (103)
together with the driving-side clutch element (133),
the tightening tool further comprising a mode select-
ing member (185) between tightening mode and
loosening mode of operation of the tool bit (119),
wherein:

when the mode selecting member (185) is op-
erated to select the tightening mode, the driven-
side clutch element (135) is caused to move in
the axial direction by application of a pressing
force of the user to the body (103) to engage
with the driving-side clutch element (133), so
that the torque of the driving motor (111) in the
normal direction is transmitted to the tool bit
(119) to perform a tightening operation, and
when the mode selecting member (185) is op-
erated to select the loosening mode, the driving-
side clutch element (133) is caused to move to-
ward the driven-side clutch element (135) by op-
eration force of the mode selecting member
(185) for selecting the loosening mode and en-
gage with the driven-side clutch element (135)
by said movement toward the driven-side clutch
element (135) or by subsequent application of
a pressing force of the user to the body (103),
so that the torque of the driving motor (111) in
the reverse direction is transmitted to the tool bit
(119) to perform a loosening operation.

5. The tightening tool (101) as defined in claim 4, further
comprising a rotation selecting member (189) that
selects the direction of rotation of the driving motor
(111) between normal and reverse directions,
wherein the mode selecting member (185) and the
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rotation selecting member (189) are coupled to each
other such that the mode selecting member (185)
selects the tightening mode when the rotation se-
lecting member (189) select the normal direction,
while the mode selecting member (185) selects the
loosening mode when the rotation selecting member
(189) select the reverse direction.

6. The tightening tool (101) as defined in claim 4 or 5,
wherein the mode selecting member comprising a
engagement position selection lever (185), a washer
(183) being overlapped with the engagement posi-
tion selection lever (185) and pair of end surface
teeth (183a) respectively provided on the engage-
ment surface of the engagement position selection
lever (185) and the washer (183), the engagement
position selection lever (185) and the washer (183)
being capable of relatively rotating to each other in
a circumferential direction, wherein the washer (183)
is caused to move via a disengagement of the pair
of end surface teeth (183a) of the engagement po-
sition selection lever (185) and the washer (183)
when the engagement position selection lever (185)
is rotated in a circumferential direction, and the driv-
ing-side clutch element (133) is caused to move to-
ward the driven-side clutch element (135) according
to the movement of the washer (183).

7. The tightening tool (101) as defined in claim 6,
wherein the engagement position selection lever
(185) comprises an lever operating portion to rotate
the lever in a circumferential direction, the lever op-
erating portion being disposed outside of the rotating
radius of the end surface teeth (183a).

8. The tightening tool (101) as defined in claim 6 or 7,
wherein the engagement position selection lever
(185) extends to cross the longitudinal axis of the
driving-side clutch element (133), the extending di-
rection of the engagement position selection lever
(185) coincides with the longitudinal direction of the
body (103) in the cross-section of the body (103).

9. The tightening tool (101) as defined in any one of
claims 6 to 8, further comprising a linkage (191),
wherein the engagement position selection lever
(185) is operated in the circumferential direction by
means of the linkage (191).
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